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1 . 0  SUMMARY 

Uniroyal  Plastics  Company,  Inc.  performed  tests  on  government 
tank  material,  as  specified  in  this  contract.  These  tests  were. 

1.  Tensile  elongation  and  tear  properties  after  2000  hours 
weatherometer  aging. 

2.  Seam  peel/shear  adhesions  and  fitting  shear  adhesion  testing  on 
tank  samples  after  exposure  to  Fuel  B  and  MIL-F-46162B  fuel 
containing  EGME  (?  160°F  for  exposure  periods  of  14,  28  and  42 
days 

This  data  is  to  be  used  to  provide  updated  data  for  specification 
requirements  which  will  reflect  state-of-the-art  commercial  products 

Part  of  this  effort  included  a  test  program  to  test  tank  abrasion 
resistance  according  to  three  different  test  methods  and  relate  this 
to  relative  field  performance.  Data  under  this  section  was  accum¬ 
ulated  for  two  of  the  three  test  methods.  This  section  was  terminated 
due  to  the  government's  inability  to  provide  relative  field  perform- 
mance  data  for  the  tank  types  tested  (a  criteria  of  the  program). 

The  remaining  work  performed  under  this  contract  was  geared  towards 
developing  non-destructive  test  methods  which  can  be  used  to  predict 
storage  tank  serviceability  and  projected  use  life.  The  results  of 
this  effort  have  produced  a  method  for  checking  a  storage  tank's 
serviceability  by  measuring  the  tank's  ability  to  sustain  a  load 
across  its  seams  and  body  panels  through  the  use  of  a  Unlroyal 
developed  "clamp-on"  test  fixture.  This  fixture  is  affixed  to  the 
tank  in  several  locations  and  a  load  applied  which  represents  the 
tank's  stress  loading  when  filled  to  capacity,  plus  whatever  safety 
factor  may  be  deemed  appropriate.  A  tank  passing  this  applied  load 
test  can  be  placed  in  service  with  a  reasonable  degree  of  confidence 
as  to  its  serviceability. 

A  method  for  assessing  serviceability  and  predicted  service  life  was 
also  developed  for  Uniroyal  polyurethane  fuel  storage  tanks.  This 
method  involves  the  measurement  of  the  tank  wall's  elongation  at  a 
given  load  using  the  "clamp-on"  test  fixture  and  relating  this  to 
charts  plotting  elongation  and  tear  vs  tank  age  which  were  also 
developed  during  this  contract  effort. 

A  non-destructi ve  method  for  predicting  serviceability  of  Unlroyal 
supplied  chlorobutyl  water  tanks  was  developed  which  Involves  the 
sampling  of  a  small  amount  of  tank  coating  compound  which  is 
subjected  to  a  carbon/oxygen  ratio  test.  This  test  result  is  then 
compared  to  a  chart  developed  from  the  testing  of  carbon/oxygen 
ratios  on  Unlroyal  tanks  of  various  ages.  A  test  result  obtained, 
which  falls  within  the  developed  plot,  indicates  the  tank's 
servi  ceabi 1 i ty . 

A  study  was  done  under  this  contract  to  assess  the  current  packaging 
and  handling  techniques  associated  with  military  fuel  and  water 
storage  tanks.  The  focus  of  this  study  was  to  make  recommendations 
which,  if  implemented,  would  improve  a  tank's  storage  and  service 
life. 
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INTRODUCTION 

This  final  report  Is  submitted  for  the  work  performed  under  Contract 
DAAK70-87-C-0078.  This  contract  to  the  US.  Army  was  undertaken  to 
define  test  methods  and  perform  prescribed  testing  on  government 
furnished  petroleum  and  water  tanks.  The  goals  of  this  program  were: 

1  Provide  updated  performance  characteristic  testing  to  enable 
specifications  to  be  updated  to  reflect  state-of-the-art 
commercial  products  Specific  areas  evaluated  were: 


a.  Weatherometer  aging 
b  Referee  diesel  lading  tests 
c  Abrasion  testing  methods 

2.  Establish  non-destructive  test  methods  which  can  predict 
remaining  reliable  service  life  within  +/-  six  months.  Since 
this  goal  relates  directly  to  the  Army's  tank  life  extension 
program.  Uniroyal  Plastics  Company,  Inc.  included  in  Its  work 
effort  an  evaluation  of  tank  design,  packaging,  handling  and 
repackaging  procedures.  Recommendations  from  this  evaluation, 
if  implemented,  will  positively  impact  both  the  use  life  and 
storage  life  of  state-of-the-art  petroleum  and  water  tanks. 

3.  The  interpretation  and  use  of  the  above  mentioned  testing  would 
serve  to  extend  the  current  assumed  storage  and  use  life  of 
this  line  of  products  towards  the  eventual  gnal  of  five  years 
service  and  twenty  years  storage. 

TANKS  UTILIZED  FOR  TEST  PURPOSES 

During  the  course  of  this  contract,  fourteen  tanks  were  used  In  the 
program  for  data  acquisition  purposes.  These  tanks  consisted  of 
seven  tanks  supplied  by  the  US.  Government  from  warehouse  stocks 
and  seven  tanks  supplied  by  Uniroyal  Plastics  Company,  Inc.  The 
Uniroyal  supplied  tanks  had  been  used  for  in-house  testing  purposes 
A  complete  listing  of  these  tanks  is  shown  in  Table  I  of  this 


TABLE  I 


TANKS  UTILIZED  FOR  TEST  PURPOSES 


TANK 

FUEL/ 

WATER 

SIZE 

MFGR 

MFG 

DATE 

GOVERNMENT 

CONTRACT 

SUPPLIED  BY 

S/N  W510 

F 

10K 

Uni  royal 

5/81 

— 

Uni  royal 

S/N  W358 

F 

42  K 

Uni  royal 

7/84 

— 

Uni  royal 

S/N  W9 

F 

10K 

Uni  royal 

10/84 

— 

Uni  royal 

S/N  HI 109 

F 

20K 

Uni  royal 

2/85 

— 

Uni  royal 

S/N  W155 

F 

10K 

Uni  royal 

11/85 

DAAK01-85-D-B012 

Government 

S/N  W158 

F 

10K 

Uni  royal 

11/85 

DAAK01-85-D-B012 

Government 

S/N  794 

F 

10K 

ILC 

3/85 

DAAJ09-82-C-D135 

Government 

S/N  6 

W 

10K 

'!ni  royal 

5/77 

— 

Uni  royal 

S/N  W1 

W 

20K 

Uni  royal 

10/81 

— 

Uni  royal 

S/N  W150 

W 

50K 

Uni  royal 

3/83 

DAAJ09-81-C-1785 

Government 

S/N  W122 

W 

50K 

Uni  royal 

3/83 

DAAJ09-81-C-1785 

Government 

S/N  W2 

W 

10K 

Uni  royal 

7/84 

— 

Uni  royal 

S/N  84-25727 

W 

20K 

Goodyear 

2/83 

DAAK70-82-C-0126 

Government 

S/N  84-13805 

W 

20K 

Goodyear 

2/84 

DAAK70-82-C-0126 

Government 
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40  TASK  I  ACCELERATED  WEATHERING  TESTS 

41  Unlroyal  Plastics  Company,  Inc.  ran  weatherometer  aging  tests  on 
samples  of  tank  body  wall  material  removed  from  the  following 
government  supplied  tanks: 


S/N 

U150 

50K 

Uni roya 1 

Water 

Tank 

S/N 

8425727 

20K 

Goodyear 

Water 

Tank 

S/N 

W155 

10K 

Uni roya 1 

Fuel 

Tank 

S/N 

794 

10K 

ILC 

Fuel 

Tank 

Sufficient  material  was  weatherometer  aged  to  obtain  data  points 
for  warp  and  fill  tensiles  aged  0,  500,  1000,  1500  and  2000  hours. 
Sufficient  samples  were  also  aged  to  provide  samples  for  testing 
tongue  tear  in  the  warp  and  fill  directions  for  the  same 
weatherometer  aging  periods. 

The  tensile  testing  was  performed  per  Federal  Standard  191,  Method 
5804  The  warp  and  fill  samples  were  elongated  5‘/.  during  the 
weatherometer  exposure  periods. 

The  tongue  tear  testing  was  done  per  Federal  Standard  191,  Method 
5134 

Fabric  edges  of  the  tensile  specimens  were  protected  from  direct 
U.V.  exposure  by  exposing  a  two-inch  wide  sample,  then  cutting  it 
prior  to  actual  pull  testing.  The  tongue  tear  specimens  were  aged 
without  the  center  starter  cut  made.  This  cut  was  made  after  aging 

The  weatherometer  agings  were  done  In  an  Atlas  carbon  arc 
weatherometer,  Model  WX  with  alternate  Corey  D  filters  removed  per 
Federal  Standard  191,  Method  5804. 

Tensile  and  tear  testing  was  performed  on  a  Scott  Model  CRE  test 
machine  equipped  with  a  2000  pound  load  cell. 

The  data  from  this  portion  of  the  test  program  is  presented  in 
Tables  II  through  VI  of  this  report.  Table  II  shows  the  data  In 
tabular  form  and  Tables  III  through  VI  present  the  data  for  each 
tank  material  tested  in  graph  form. 
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TABLE  II 


WEATHEROMETER  AGING  TEST  RESULTS 


0 

500 

1000 

1500 

2000 

S/N  W150  Uni  royal 

Tensile  W 

770 

798 

750 

675 

735 

50K  H20  Tank 

F 

695 

685 

705 

650 

693 

Elong  W 

31 

28 

28 

33 

28 

F 

46 

44 

45 

50 

45 

Tongue  W 

146 

150 

135 

97 

125 

Tear  F 

106 

103 

103 

113 

105 

S/N  84-25727  Goodyear 

Tensile 

W 

650 

593 

685 

658 

683 

20 K  H20  Tank 

F 

630 

530 

558 

520 

470 

Elong 

M 

24 

22 

23 

28 

24 

F 

48 

43 

45 

49 

48 

Tongue 

W 

90 

69 

44 

74 

62 

Tear 

F 

58 

56 

66 

55 

48 

S/N  W155  Uni  royal 

Tensile  W 

800 

783 

798 

735 

890 

10K  Fuel  Tank 

F 

815 

638 

710 

690 

695 

Elong  W 

31 

28 

27 

33 

30 

F 

46 

38 

39 

44 

39 

Tongue  W 

106 

102 

99 

69 

78 

Tear  F 

104 

100 

106 

76 

89 

S/N  794  ILC  Dover 

Tensile  W 

540 

490 

505 

485 

490 

10K  Fuel  Tank 

F 

465 

495 

473 

290 

283 

Elong  W 

26 

28 

23 

28 

23 

F 

35 

29 

34 

35 

32 

Tongue  W 

43 

47 

40 

29 

42 

Tear  F 

46 

42 

35 

30 

35 

%  Retention 
@  2000  Hrs 


95.4 

99.7 

90.0 

97.8 

85.6 

99.0 


105.1 

71.4 

100.0 

100.0 

68.9 

82.8 


111.0 

85.3 

96.8 

84.8 

73.6 

85.6 


90.7 
60.9 

88.5 

91.4 

97.7 
76.1 
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TABLE  III 

WEATHEROMETER  DATA 
S/N  W  150  50K  WATER  UN I ROYAL 


Tensile  Strength  -  Fed  Std  191  Method  5102 
Elongation  -  Fed  Std  191  Method  5102 
Tongue  Tear  -  Fed  Std  191  Method  5134 

X  Axis  -  Weatherometer  Aging  in  Hours 
Y  Axis  -  Properties  as  shown 


i 
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TABLE  IV 

WEATHEROMETER  DATA 
S/N  84-25727  20K  WATER  GOODYEAR 


Tensile  Strength  -  Fed  Std  191  Method  5102 
Elongation  -  Fed  Std  191  Method  5102 
Tongue  Tear  -  Fed  Std  191  Method  5134 


X  Axis  -  Weatherometer  Aging  in  Hours 
Y  Axis  -  Properties  as  shown 


I 


TABLE  V 

WEATHEROMETER  DATA 
S/N  155  10K  FUEL  UNIROYAL 


Tensile  Strength  -  Fed  Std  191  Method  5102 
Elongation  -  Fed  Std  191  Method  5102 
Tongue  Tear  -  Fed  Std  191  Method  5134 
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X  Axis  -  Weatherometer  Aging  in  Hours 
Y  Axis  -  Properties  as  shown 


TABLE  VI 

WEATHEROMETER  DATA 
S/N  794  10K  FUEL  ILC 


Tensile  Strength  -  Fed  Std  191  Method  5102 
Elongation  -  Fed  Std  191  Method  5102 
Tongue  Tear  -  Fed  Std  191  Method  5134 

X  Axis  -  Weatherometer  Aging  in  Hours 
Y  Axis  -  Properties  as  shown 
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Good  physical  property  retention  was  achieved  by  all  tank  materials 
tested.  The  following  are  the  properties,  by  tank,  which  fell  below 
an  80*/.  retention  level  at  2000  hours  exposure: 

TANK  PROPERTY  RETENTION  BELOW  807. 

Uniroyal  S/N  W150  50K  Water  Tank  None 

Goodyear  S/N  84-25727  20K  Water  Tank  Tensile  Strength  F=71.47. 

Tongue  Tear  w=68.  97. 

Unlroyal  S/N  W155  10K  Fuel  Tank  Tongue  Tear  w=73.67. 

ILC  Dover  S/N  794  10K  Fuel  Tank  Tensile  Strength  F=60.  97. 

Tongue  Tear  F=76.  17. 

All  physical  properties  of  all  tanks  tested  were  well  within  a 
safety  factor  of  two  for  supporting  tank  stress  loadings  when  filled 
regardless  of  the  7.  retention  figures.  See  Table  VIII  showing  tank 
wall  stress  figures  for  each  tank  tested. 

It  Is  apparent  that  an  exposure  of  2000  hours  In  a  weatherometer 
is  not  sufficient  to  Initiate  significant  degradation  of  the  nylon 
fabric  to  duplicate  conditions  in  the  field,  which  could  result  in 
catastrophic  failure  of  a  tank  due  to  degradation  of  the 
reinforcing  member  to  the  point  where  the  construction  will  no 
longer  support  the  wall  stress  loading  encountered  during  service. 

50  TASK  II  FUEL  IMMERSION  TESTING 

51  Immersion  testing  was  run  on  each  of  two  fuel  tank  constructions, 
as  outlined  in  MIL-T-52983C;  Table  III  -  Item  12,  Table  IV  -  Items 
3  and  7  and  Table  V  -  Items  3  and  7. 

These  fuel  tests  were  run  using  two  test  media  as  follows: 

MIL-F-46162C  (diesel)  plus  1  volume  7.  of  ethylene  glycol  monomethyl 
ether  added,  and  Fuel  B  with  no  additives. 

Sufficient  samples  were  removed  from  the  tanks  to  obtain  results 
after  0,  14,  28  and  42  day  immersions.  Agings  were  run  at  160°F 
+/-  2°F  in  a  Blue  M  controlled  temperature  bath.  Shear  and  peel 
adhesion  measurements  were  made  on  a  Scott  CRE  Model  t2,  equipped 
with  a  2000  pound  capacity  load  cell. 

The  results  of  this  testing  is  presented  in  Table  VII. 
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TABLE  VII 


FUEL  IMMERSION  TEST  RESULTS 


TEST  PER  TABLES 

III  &  IV  OF  MIL-T-52983B  S/N  794 

S/N  155 

MIL-T-52983 

ILC 

UNI 

SPEC 

SEAM  SHEAR 

Original 

320  * 

618 

350 

14  day  Fuel  B  @  160°F 

369 

647 

315 

28  day  Fuel  B  0  160°F 

345 

610 

— 

42  day  Fuel  B  0  160°F 

395 

537 

— 

14  day  MIL-F-46162B  fuel 
+  EGME  **  0  160°F 

386 

555 

28  day  MIL-F-46162B  fuel 
+  EGME  @  160°F 

354 

481 

_ _ 

42  day  MIL-F-46162B  fuel 
+  EGME  0  160°F 

361 

500 

— 

SEAM  PEEL 

Original 

21.7  IS*** 
33.3  OS 

60.3 

20 

14  day  Fuel  B  @  160°F 

19.0  IS 

27.3  OS 

49.3 

10 

28  day  Fuel  B  @  160°F 

20.7  IS 

28.0  OS 

31.7 

..... 

42  day  Fuel  B  @  160°F 

28.0  IS 

21.5  OS 

21.7 

— 

14  day  M1L-F-46162B  fuel 
+  EGME  @  160°F 

24.7  IS 

31.7  OS 

43.0 

28  day  MIL-F-46162B  fuel 
+  EGME  0  160°F 

30.3  IS 

26.3  IS 

26.7 

42  day  MIL-F-46162B  fuel 
+  EGME  O  160°F 

25.8  IS 

33.7  OS 

20.0 

_ - 

FITTING  SHEAR 

Original  Straight 

771 

612 

350 

Curved 

277 

874 

14  day  Fuel  B  @  160°F  Straight 

555 

620 

315 

Curved 

181 

874 

28  day  Fuel  B  @  160°F  Straight 

451 

524 

— 

Curved 

377 

444 

— 

42  day  Fuel  B  @  160°F  Straight 

465 

478 

— 

Curved 

320 

456 

— 

14  day  MIL-F-46162B  fuel  Straight 

616 

641 

— 

+  EGME  @  160°F  Curved 

263 

647 

— 

28  day  MIL-F-46162B  fuel  Straight 

461 

411 

— 

+  EGME  @  160°F  Curved 

320 

444 

— 

42  day  MIL-F-46162B  fuel  Straight 

449 

468 

— 

+  EGME  0  160°F  Curved 

409 

534 

— 
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TABLE  VII  (Continued) 


★ 

** 

★★★ 


FUEL  IMMERSION  TEST  RESULTS 


Low  originals  probably  is  testing  anomoly  since  aged  values  are  high 
and  originals  broke  outside  seam. 

Ethylene  Glycol  Monomethyl  Ether 

ILC  tank  contained  butt  seams  -  IS  =  Inside  Seam 

-  OS  *  Outside  Seam 
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The  seam  peel  and  shear  test  results  show  excellent  perf ormance  of 
both  tanks  when  subjected  to  each  of  the  test  fluids  for  14,  28  and 
42  days  at  160°F.  In  fact,  both  tank  constructions  meet  or  exceed 
the  original  test  requirements  after  42  days  immersion  in  each  test 
fluid. 

The  test  results  for  fitting  shear  also  show  good  results  except  for 
the  curved  section  of  the  access  door  cut  from  the  1LC  tank  and 
tested  for  originals:  14  day  Fuel  B  and  14  day  MIL-F-46162B  fuel  + 
EGME  These  values  fell  below  MIL-T-52983C  specification  require¬ 
ments  However,  the  averages  of  the  straight  and  curved  sections 
passed  and  the  28  and  42  day  values  for  the  curved  sections  were  well 
above  the  specification  mlnimums. 

6.0  TASK  III  DETERMINATION  OF  NON-DESTRUCTIVE  TEST  METHODS 

61  Definition  of  Non-Destruct i ve  Test  Methods 

Uniroyal  Plastics  Company's  approach  to  development  of  a  non¬ 
destructive  test  method  for  prediction  of  tank  service  life  was 
based  on  determination  of  the  tank's  ability  to  withstand  the  hoop 
stresses  necessary  to  sustain  it  in  service.  This  approach  involved 
the  measurement  of  the  tank  material's  remaining  elongation  at  a 
stress  level  equal  to  the  wall  tension  it  will  experience  in  service 
when  filled  to  capacity,  then  correlating  this  measurement  with:  (1) 
data  obtained  from  seven  tanks  of  various  ages  up  to  ten  years, 

(2)  strain  data  obtained  from  weatherometer  agings,  and  (3)  carbon/ 
oxygen  data  obtained  from  weatherometer  aging  and  aged  tank  samples. 
Measurement  of  the  strain  at  a  given  stress  was  accomplished  through 
the  use  of  a  mechanical  strain  gage  clamped  to  the  tank  body  material 
and  across  the  seams  in  a  manner  which  did  not  affect  the  tank 
Integrity.  Unlroyal  understood  that  this,  and  any  type  of  approach 
to  determine  remaining  tank  service  life,  was  dependent  upon  the  type 
of  reinforcement  and  polymer  coating  used  to  fabricate  a  tank. 
Correlation  to  actual  field  life  performance  could  only  be  attempted 
on  tanks  manufactured  by  Uniroyal.  Correlation  of  data  on  other 
constructions  was  only  limited  to  the  determination  of  a  tank  flt- 
for-use  at  the  time  of  test,  with  projected  service  life  based  only 
on  accelerated  weathering  and  carbon/oxygen  ratio  measurements. 

Uniroyal  Plastics  Company,  Inc.  executed  the  followng  five-phase 
effort  aimed  at  determining  a  non-destructive  test  method  for 
determination  of  uas-is"  flt-for-use  determination  and  projected 
service  life  determinations. 

PHASE  I  Mechanical  strain  measurements  on  unfilled  tanks 

using  a  "clamp-on"  strain  measuring  device. 

PHASE  II  Determination  of  tank  strain  measurements  on  tanks 

filled  to  rated  capacity. 
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PHASE  III  Stress/strai n  and  tear  measurements  made  on  weather- 

ometer  aged  tank  samples  and  field  aged  tank  samples 

PHASE  IV  Determination  of  carbon/oxygen  ratios  of  polymer 

coating  compounds  on  weatherometer  aged  and  field 
aged  tank  samples. 

PHASE  V  Correlation  of  data  from  PHASES  I  -  IV  into 

conclusions  and  recommendations  to  predict  tank 
Integrity  and  future  life  expectancy. 

62  PHASE  I  -  Measuring  strain  measurements  on  unfilled  tanks  using 

a  "clamp-on"  strain  measuring  device: 

Unlroyal  Plastics  Company,  Inc.  developed  a  "clamp-on"  strain 
measuring  device  which  is  capable  of  Introducing  a  predetermined 
stress  on  the  tank  body  wall.  <See  Figure  1  for  detailed  drawing  of 
tester.)  By  measuring  the  distance,  the  Jaws  of  the  clamp-on  fixture 
have  moved  from  no  tension  to  the  calculated  wall  stress  at  filled 
capacity.  A  measurement  of  the  7.  strain  at  this  given  load  can  then 
be  calculated.  A  description  of  the  use  of  this  test  fixture  is 
detailed  in  Appendix  II  of  this  report. 

Table  VIII  (page  17)  details  the  measurements  taken  on  eleven  tanks 
using  the  test  device  under  the  column  marked  "machine".  The 
individual  values  reported  for  body  panels  and  across  seams  are  the 
average  of  four  values  taken  at  different  locations  on  the  tank, 
i.e.,  across  four  different  seams  and  four  different  tank  panels. 

Our  original  test  plan  called  for  testing  across  fittings  and  across 
end  closure  seams.  However,  during  the  design  of  the  fixture  it  was 
determined  that  if  the  two  support  bars  were  made  long  enough  to  span 
the  distance  necessary  to  test  these  two  areas,  significant  bending 
of  these  bars  would  result,  thus  adversely  affecting  any  test  data 
obtained.  Because  of  this  situation,  these  tests  were  not  run. 

These  test  results  Indicate  that  each  tank  tested  supported  the 
calculated  wall  stress  at  relatively  low  elongations,  indicating 
that  each  area  tested  could  sustain  the  load  incurred  if  the  tank 
were  filled  to  its  rated  capacity. 

One  conclusion  that  can  also  be  made  is  that  the  fill  strains  at  the 
test  stress  loadings  are  consistently  higher  than  for  the  warp 
direction,  regardless  of  material  type.  This  is  probably  due  to  the 
larger  crimp  associated  with  the  fill  direction. 

Testing  of  the  eight  locations  required  approximately  three  hours  of 
time,  including  unrolling  and  rerolling  the  tank.  Equilibration  time 
was  determined  to  be  two  minutes  to  five  minutes. 

These  test  results  will  be  further  discussed  in  the  TASK  III, 

PHASE  V  section. 
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6.3  PHASE  II  -  Determination  of  tank  strain  measurements  on  tanks 

filled  to  rated  capacity: 

The  eleven  tanks  used  in  Phase  I  were  marked  with  strain  rosettes 
as  shown  in  Figure  2,  page  19.  These  Indicator  lines  (20"  in 
length),  were  placed  on  the  tank  so  that  measurements  before  and 
after  filling  to  rated  capacity  could  be  made.  By  dividing  the 
difference  between  the  filled  length  and  the  unfilled  length,  a 
7.  strain  figure  can  be  calculated.  These  figures  can  then  be 
correlated  to  the  figures  obtained  from  the  "clamp-on"  fixture. 

Each  of  the  eleven  tanks  to  be  water  filled  were  1/2  psl  air  soap 
tested  prior  to  water  filling  to  ensure  they  were  serviceable  tanks. 
Since  the  strain  rosettes  had  already  been  placed  on  the  tank, 
measurements  were  made  to  determine  the  strain  charac ter i s t 1 cs  of 
each  tank  when  subjected  to  the  1/2  psi  leak  test.  This  data  was 
gathered  for  information  purposes  only  and  is  presented  in  Table 
VIII  on  page  17. 

Each  tank  was  allowed  to  "relax"  for  at  least  one  week  prior  to 
being  water  f  1 1  led. 

Initial  rosette  measurements  were  again  made  on  each  tank  to  be 
water  filled.  Each  water  tank  was  then  filled  to  its  rated  gallon 
capacity  and  each  fuel  tank  was  filled  with  water  to  a  gallon 
amount  equal  to  the  weight  of  fuel  for  its  rated  capacity  (water 
S.G.  =  1,  fuel  S.G.  =  .795).  These  water  filled  gallonages  are  shown 
in  Table  VIII. 

The  tanks  were  allowed  to  equilibrate  for  seven  days  in  a  filled 
condition  prior  to  taking  measurements  of  the  strain  rosettes.  This 
seven  day  figure  was  arrived  at  by  measuring  the  first  few  filled 
tanks  every  day  until  the  measurements  came  out  the  same  as  the 
previous  day  The  strain  measurements,  along  with  the  calculated 
wall  stresses,  are  shown  for  each  tank  in  Table  VIII  on  page  17. 

Each  of  the  strain  measurement  figures  represents  the  average  of 
four  individual  readings  taken  from  each  tank. 

The  data  shows  that  the  wall  stresses  experienced  during  the  1/2  psl 
air  test  are  over  three  times  those  experienced  by  10K  tanks  when 
filled  with  fuel  or  water  to  their  rated  capacity;  the  larger  tanks 
(20  -  50K )  are  stressed  1.37  to  2.25  times  their  filled  stress 
levels.  At  these  high  stress  levels  (48.1  -  63.0  lbs/ln)  the 
minimum  tear  strength  by  specification  (35  lbs)  is  being  exceeded. 
Using  the  1/2  psi  specification  test  on  an  old  tank  containing 
some  defect,  which  could  act  as  a  tear  initiation  point,  could  cause 
a  tank  to  fail  catastrophically  during  testing. 
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TABLE  VIII 

TANK  STRAIN  TEST  DATA 

STRAIN  (MACHINE) 
STRESS 


FUEL  / 

MFGR 

'MFG.  GAL 

DIMENSIONS 

#/in 

%  ’ 

ACf 

TANK 

WATER 

★ 

SIZE 

DATE  H2O 

L 

W 

W 

F 

SE 

S/N  W510 

F 

U 

10K 

5/81  9073 

21  *  11* 

2i*ir 

14.3 

1.5 

3.0 

2. 

S/N  W358 

_ F 

_u 

.  42K_ 

7/84  38453 

54'_7" 

29 ' 9" 

28^03 

_L4_ 

2.6 

1. 

S/N  W9 

F 

u 

10K 

10/84  9121 

21' 3" 

21 ' 9” 

16.34 

.9 

1.4 

1*] 

S/N  W1109  F  .  U  20K  .2/85  18335  28‘0"  24'J'i _ 46,0  _-2.1  __  6.8 

S/N  W155  F.  U  10K  11/85 

S/N  W158  _ _F._:  U  10K ~_.il/85.9152*  21‘. 10'  21'. 10"  .  14.81  1.34  1.59  l.; 

_ S/N _794_ _ _ F _ I  _ _10K  1/85^9165  ...  21/5".  21' 6"  "16.1'  1.275  2.175  XI 

S/N  6  W  U  10K  5/77  10000  29*2"  17'4"  17.04  1.5  2.7  2.8 

-  ,  . i 

S/N  W1  W  U  20K  10/81  20000  28' 7"  24710  "  3573  172  ~  7.V  ~71 

S/N  W150  W  U  50K  3/83  .  .  . 

S/N  W122  W  U  50K  2/83  50000  65 ' 4"  25 ' 4"  35.0  1.9  4.9  4.4 

S/N  H2  .  W _ U _ 10  K  7/84  10000  22' 6"  22l0"~  16.81  1.8 

S/N  84^25727  w!7 717  2 OK  2/83  ~~  ~~ 


S/N  84-13805  W  G  20K  2/84  20000  28' 3"  24' 3"  40.0  1.9 _ 6,0 _ 5,4 


*  U=Uniroyal,  G=Goodyear,  I-ILC  _  _ _  7 _  Fon 

**  Calculated  wall  stress  at  1/2  psi  us i ng  actual  tank  dimensions  Str 

***  Calculated  wall  stress  at  rated  volume  using  actual  ~tanic  dimensions  f=~ 

Water  S.G.  =1“  Fuel  3.  G.  =  .795’  ”  . . 


TABLE  VIII 

TANK  STRAIN  TEST  DATA 


STRAIN  (MACHINE) 


STRAIN  (WATER  FILL) 


TANK 

L  DIMENSIONS 
L  W 


3  21 • ir  21  ■  ir 

53  54' 7"  29' 9" 

1  21 1 3"  21'9" 


STRESS 

STRE3 

3 - 

#/in  % 

%  ' 

'ACROSS 

#/in 

fill 

★  ★★  yj 

F 

SEAM 

★★★ 

HEIGHT 

14.3  1.5 

3.0 

2.9 

14.3 

39.8" 

28 .03  1 .4_  2.6  1.8 

16.34  .9  1.4  1.2 


J28J33._55,72'2.34_5.47_ 

16.34  42. 5”  1.10  2.74 


STRAIN  (1/2  PSI  A 
STRESS 

#/in  '  I  '% 

**  U  F 

51.0  5.0  16.6 

_63J2 _ 2J5 _ 3  J _ 

51.4  2.2  5.5 


35 

28'0" 

24'_1'1  .  .. 

.46.0  ... 

2. 1 

6.8 

4.1 

.  .  4.6.0  .63.6"  3.125 

9.85 

59.6 

3.1  10.0 

2 

21' 10' 

21  MO"  . 

14.81 

1.34 

1.59 

1.36 

14.81  43.0"  1.72 

4.22 

51.0 

2.3  5.5 

5  . 

2T5"_ 

2.316  L  1" 

.  16.5 ... 

1.275 

2.175 

1 .54  . 

16.57.42,81.2.03 

6.56 

...  50.0. 

.3.125  8  91 

[00 

29' 2" 

17' 4" 

17.04 

1.5 

2.7 

2.8 

17.04  43.5"  1.0 

4.8 

54.0 

2.2  7.8 

00 

28' 7" 

2410"  ' 

35.3 

372 

7.6 

7.3 

35.3  62.5"  2.81 

9.69 

62.2 

3.0  12.2 

00 

65’ 4" 

25' 4" 

35.0 

1.9 

4.9 

4,4 

35.0  62.3"  2.3 

7.5 

48.1 

1.7  8.4 

00 

22'6" 

22' 0" 

16.81 

1.8 

2.2 

2.7 

16.81  43.2"  1.41 

4.22 

52.0 

3.3  8.0 

- 

— - 

—  -  ■ 

— 

-  — 

—  ■  -  ■  --  - 

... 

0  28' 3"  24.' 3". 


40.0  1.9  6.0  5.4 


40.0  62.3"  4.4  11.6 


61.0  2.5  10.0 


>i_ us i ng  actual  tank  dimensions 
volume  using  actual  tank  dimensions^ 
795  " 


Formula  Used  For  Air  Formula  Used  For  Water  Fill  J 

"Stress  Calculation'  _  Stress  Calculations _ 

X. 70711)  (Px*-X-£x  l-'i)'"  T»l/4  cr  zg _  ... 

_Where_T=wa  11  strel s  _in _1  bs  _ .  Where  T=wall  .stress  _1n_lbs  _  . 

Px=air  pressure  in  psi  _ cj^Sp  Wt  of  water«u-0361 

A=tank  width  in  inches  Z=tank  height  in  inches 

B=tank  length  in  Inches  ' 
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As  expected,  the  strain  readings  obtained  using  the  "clamp-on" 
fixture  are  different  than  those  obtained  when  the  tank  is  filled 
to  its  rated  capacity.  The  strains  using  the  fixture  are  lower 
due  to  the  participation  of  the  adjacent  fabric  in  the  strain 
reading  To  develop  a  factor  to  convert  the  machine  strain  reading 
to  the  actual  strain  figure,  a  conversion  factor  can  be  developed. 
Table  IX  below  shows  Uniroyal  tanks  of  the  same  fabric  re  1  nf or cement 
and  type  and  what  the  factors  are  for  each  of  the  warp  and  fill 
direction  This  factor  was  obtained  by  dividing  the  machine  strain 
figure  by  the  actual  strain  value. 

TABLE  IX 

STRAIN  CORRELATION  FACTORS 


FACTOR 


SERIAL 

NUMBER 

TYPE 

W 

F 

S/N 

W9 

Fuel 

.  82 

.  51 

S/N 

W240 

Fuel 

.  68 

.  49 

S/N 

U358 

Fuel 

60 

47 

S/N 

U1109 

Fuel 

.  67 

.  69 

S/N 

U 1 58 

Fuel 

.  78 

.  56 

Ave. 

.  71 

.  54 

Range 

+  /-157. 

+  /-20.  47. 

S/N 

U6 

water 

1 . 50 

.  56 

S/N 

W1 

Water 

1  .  14 

.  78 

S/N 

W2 

Water 

1 . 28 

.  52 

S/N 

W 1 22 

Water 

83 

65 

Ave . 

1 .  18 

.  62 

Range 

+  /-28  47. 

+  /-21 . 07. 

Table  IX  shows  that  the  actual  strain  can  be  calculated  from  the 
test  fixture  strain  figure  by  dividing  it  by  the  correlation  factor 
but  the  error  factor  is  quite  high  (  15  -  28.47.).  This  relatively 
high  error  factor  may  be  due  to  the  relatively  small  sample  size. 


The  results  of  the  water  fill  data  and  the  correlation  of  it  to  the 
"clamp-on"  test  fixture  data  will  be  further  discussed  in  the  Task 
III,  Phase  V  section. 


FIGURE  2 
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64  PHASE  III  Stress/strain  and  tear  measurements  made  on  weatherometer 

aged  and  field  aged  tank  samples: 

Task  I  data  Included  U  and  F  tear  strength  measurements  on  weather- 
ometer  aged  sections  of  the  government  supplied  tanks  (see  Tables 
II!  through  VI).  This  data  will  be  required  for  the  correlation 
section  (Phase  V)  of  this  task 

Unlroyal  Plastics  Company,  Inc  originally  planned  to  graph  the 
stress  vs  strain  properties  vs  weatherometer  properties  for  each 
of  the  four  tank  types  tested  The  graph  was  to  take  the  form  of 
the  one  shown  below  in  Figure  3 

Stress  vs  Strain  for  Each  Weatherometer  Exposure  Period 

0  hours 
500  hours 
1000  hours 
1500  hours 
2000  hours 
Y 


Strain  (*/.) 

FIGURE  3 

It  became  apparent  after  completing  the  weatherometer  agings  that 
a  testing  period  of  2000  hours  Is  not  sufficient  to  show  any 
meaningful  drop  in  physical  properties.  See  tensile  and  elongation 
graphs  in  Tables  III  through  VI.  Graphic  representation  as  shown 
in  Figure  3  above  only  shows  data  scatter  and  does  not  reflect 
meaningful  changes  in  the  physical  properties,  hence  these  graphs 
will  not  be  presented. 

Graphic  representation  of  the  stress/strain  curves  for  the  four 
government  supplied  tanks  has  been  done  for  each  weatherometer 
aging  period  and  is  presented  in  Figures  4  through  23. 

Body  panels  were  removed  from  each  of  the  seven  Uniroyal  supplied 
tanks  to  run  tear  test  (W  &  F)  per  Federal  Standard  191,  Method  5134 
and  tensile/elongation  tests  per  Federal  Standard  191,  Method  5102. 
Tensile  and  elongation  tests  were  run  on  a  chart  recorder  so  that 

a  stress  vs  strain  curve  could  be  developed.  The  plots  of  stress  vs 

strain  for  each  of  the  eleven  tanks  are  presented  in  Figures  24 
through  34.  The  ultimate  tensile,  ultimate  elongation  and  tear  test 

results  are  presented  in  Table  X  for  all  eleven  tanks  tested. 
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Plots  of  the  data  from  Table  X  for  tongue  tear  vs  tank  age  by  tank 
type  are  shown  In  Figure  35  and  Figure  36. 

FIGURE  35 

TONGUE  TEAR  VS  TANK  AGE  (FUEL) 


FIGURE  36 

TONGUE  TEAR  VS  TANK  AGE  (WATER) 
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Plots  of  the  data  from  Figure  24  through  Figure  34  for  V.  strain  vs 
tank  age  by  Uniroyal  tank  type  at  the  calculated  max.  wall  stress 
are  shown  in  Figure  37  and  Figure  38  (max.  stress  value  set  0  50  lbs) 
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65  PHASE  IV  Determination  of  carbon/oxygen  ratios  of  polymer  coating 

compounds  on  weatherometer  aged  and  field  aged  tank 
samp  1  es : 

Uniroyal  Plastics  Company,  Inc.  conducted  an  analysis  of  the 
weatherometer  aged  surfaces  of  samples  exposed  in  Task  I  and  the 
surfaces  of  samples  of  seven  Uniroyal  supplied  tanks. 

This  surface  analysis  consisted  of  an  X-ray  photoelectron  spectro¬ 
scopic  scan  of  the  polymer  surface  to  determine  the  carbon/oxygen 
ratio  present.  This  measurement  resulted  in  a  quantitative  measure 
of  surface  oxidation  (degradation)  which  the  coating  compound  has 
undergone.  Uniroyal  had  these  tests  done  at  the  University  of 
Dayton  Research  Institute,  300  College  Park,  Dayton,  Ohio  45469-0001 
This  data,  as  received  from  the  University  of  Dayton,  is  presented 
in  Appendix  III  of  this  report. 

The  data  for  the  carbon/oxygen  ratio  tests  run  on  weatherometer 
aged  samples  of  four  government  supplied  tanks  is  shown  in  Table  XI. 

TABLE  XI 

Carbon/Oxygen  Ratio  Data  on  Weatherometer  Aged  Samples 
TANK  HOURS  OF  WEATHEROMETER  EXPOSURE 


DESCRIPTION 

0 

500 

1000 

1500 

2000 

S/N  U l 50  Uniroyal 

50K  Water  Tank 

C/0 

6  8 

3  1 

4  9 

3  3 

9.  9 

S/N  84-25727  Goodyear 
20K  Water  Tank 

C/O 

5.  7 

1  8 

.  87 

1 . 35 

1. 35 

S/N  W 1 55  Uniroyal 

10K  Fuel  Tank 

C/0 

3.  9 

3.  3 

3  6 

3.  7 

3.  1 

S/N  794  ILC  Dover 

10K  Fuel  Tank 

C/O 

2.  5 

2  8 

1.9 

2.  1 

1.9 

The  data  from  Table  XI 
through  42,  as  shown  on 

is  presented 
page  56. 

in  graph 

form  in 

Figures 

39 

55 


500  1000  1500 

WEATHEROMETER  HOURS 


2000  0 


500  1000 

WEATHEROMETER  HOURS 


Samples  were  removed  from  each  of  five  Unlroyal  fuel  tanks  and  four 
Uniroyal  water  tanks  of  various  ages.  These  samples  were  removed 
from  the  center  of  a  fitting  flange  area.  Samples  consisted  of  a 
very  small  3/8"  x  3/8"  section  removed  from  the  surface  using  a 
razor  blade.  Removal  of  a  sample  this  small  in  a  double  or  triple 
reinforced  area  will  not  affect  serviceability  of  the  tank.  These 
samples  were  submitted  to  the  University  of  Dayton  for  carbon/oxygen 
ratio  testing.  The  results  of  this  testing  is  shown  in  Table  XII  on 
page  57. 
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TABLE  XII 

Carbon/Oxygen  Ratio  Data  on  Uniroyal  Tanks 


TANK 

(FUEL) 

MFG. 

DATE 

AGE 

YEARS 

C/O 

S/N 

10K 

W510 

5/81 

7  2 

2  9 

S/N 

42K 

W358 

tt 

7/84 

4  0 

3.  9 

S/N 

10K 

W9 

10/84 

3.  8 

2.  3 

S/N 

20K 

Ml  109 

2/85 

3  4 

2.  4 

S/N 

10K 

W155 

11/85 

2  6 

3.  9 

TANK 

MFG. 

AGE 

(WATER) 

DATE 

YEARS 

C/O 

S/N  W6 

10K 

5/77 

11.2 

3.  4 

S/N  W1 

20K 

10/81 

7.  3 

o 

in 

S/N  W150 
50K 

3/83 

CD 

6  8 

S/N  W2 

10K 

7/84 

4.  0 

6.  9 

*  This  tank  was  in  service  for  two  years  (diesel  fuel). 

A  plot  of  data  from  Table  XII  is  shown  in  Figures  43  and  44  below 


FIGURE  43 


Uniroyal  Tanks  (Fuel) 
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FIGURE  44 

Uniroyal  Tanks  (Water) 
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A  plot  of  tongue  tear  vs  c/o  at  individual  weatherometer  agings  was 
originally  planned  since  the  anticipated  trends  in  the  c/o  ratio 
results  and  the  tear  values  did  not  show  a  consistent  drop  in  values 
with  increasing  weatherometer  aging  as  anticipated.  The  graph  of  this 
data  is  meaningless.  The  data  presented  in  this  section  will  be 
further  discussed  in  Phase  V  of  this  report. 
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66  PHASE  v  Date  Correlation  from  PHASES  I  -  iv 

Unlroyal  Plastics  Company,  Inc  proposed  to  correlate  the  data  from 

PHASES  I  through  IV  to  achieve  a  method  to  predict  remaining  tank 

service  life  via  the  following  theories: 

theory  I  (Proposed) 

o  The  tank  wall  stress  at  maximum  rated  capacity  can  be  calculated 
in  terms  of  pounds  per  inch  width  for  each  given  tank  dimension/ 
size 

o  Tear  strength  degradation  will  eventually  cause  tank  failure. 

o  The  weatherometer  data  over  a  2000  hour  cycle  will  generate 
degradation  curves  for  four  government  supplied  tank  construc¬ 
tions  Provided  curves  will  demonstrate  the  aging  impact  on: 

tank  fabric  tensile  (stress) 
tank  fabric  elongation  (strain) 
tank  fabric  tear  strength 

o  The  weatherometer  elongation  vs  time  curve  for  the  government 
supplied  urethane  tanks  can  be  correlated  to  the  strain  measure¬ 
ment  at  maximum  rated  capactiy  for  the  six  Uniroyal  tanks  of 
known  ages.  Therefore,  it  is  predicted  that  this  correlation  will 
permit  the  weatherometer  hours  to  be  translated  into  projected 
service  years. 

o  The  weat herometer  data  for  the  government  supplied  urethane  tanks 
will  be  correlated  to  the  tensile,  elongation  and  tear  properties 
of  six  Unlroyal  tanks  of  known  ages. 

o  If  the  weatherometer  tear  vs  hours  curve  can  be  correlated  to 
tear  strength  vs  years  of  age,  useful  service  can  be  predicted. 

o  The  tear  strength  vs  hours  curve  can  be  correlated  to  the 

elongation  vs  hours  curve  for  the  size  tank  construction.  If  the 
elongation  capacity  of  a  given  tank  can  be  determined  through  a 
non-destructive  method,  it  can  be  directly  correlated  to  the  tear 
strength  level  at  a  comparable  point  on  the  weatherometer  curve. 
From  this  Information,  the  life  of  a  given  tank  can  be  predicted 
with  a  reasonable  degree  of  accuracy. 

o  Uniroyal  proposed  to  provide  a  testing  method  for  measuring  the 
elongation  capacity  at  an  established  stress  level  in  order  to 
determine,  for  a  given  tank,  a  projected  use  life.  This  test 
procedure  will  be  totally  feasible  at  depot  or  operational 
levels,  requiring  minimal  man  hours  and  recertification  time. 


58 
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THEORY  II  (Proposed) 

o  As  a  tank's  coating  compound  degrades  (oxidizes),  the  reinforce¬ 
ment  is  also  undergoing  aging  changes.  Uniroyal  proposed  to 
correlate  the  carbon/oxygen  ratio  data  (Phase  III)  obtained  from 
the  government  supplied  tanks  and  the  carbon/oxygen  ratio  data 
(Phase  III)  on  the  Uniroyal  supplied  tanks  to  tank  age  and  the 
wea t herometer  data.  This  correlation  should  result  in  predict¬ 
ability  of  tank  service  and,  in  the  case  of  Uniroyal  supplied 
tanks,  a  prediction  of  future  service  life 

o  Implementation  of  this  evaluation  method  will  require  the 

extraction  of  a  small  quantity  of  the  tank  coating  compound  (less 
than  .1  gm) . 

NOTE:  Compound  sample  can  be  taken  from  exterior  chafing  patch, 
fitting  or  handle  flange 

Said  sample  would  be  supplied  to  a  testing  facility  capable  of 
conducting  the  carbon/oxygen  test.  Results  would  then  be 
correlated  to  an  established  degradation  curve  in  order  to  predict 
future  serviceability. 

THEORY  I  (Results) 

Two  of  the  most  important  assumptions  made  in  the  proposed  work  plan 
for  prediction  of  future  tank  service  life  were 

1  Tensile,  elongation  and  tear  properties  would  change  significantly 
with  increasing  weatherometer  aging  up  to  2000  hours 

2  The  properties  of  the  Uniroyal  supplied  (aged)  tanks  would 
demonstrate  changes  in  physical  properties  with  increasing  age  of 
the  tanks  tested. 

The  first  assumption  was  incorrect  in  that  the  properties  did  not 
change  significantly  over  the  2000  hour  aging  period  The  recorded 
physical  properties  of  the  Uniroyal  supplied  tanks  did  not  change 
significantly  except  in  one  area  This  area  is  the  tear  strength  of 
the  Unlroyal  supplied  fuel  tanks;  this  did  drop  significantly  after 
three  years  of  age. 

Since  these  needed  correlations,  namely  the  weatherometer  elongation 
vs  time  curve  (Tables  III  and  V)  for  the  government  supplied  tanks 
correlated  to  the  strain  measurements  at  maximum  rated  capacity  of 
the  Uniroyal  tanks  of  known  ages  (Figures  37  and  38),  were  not 
possible,  it  is  not  possible  to  translate  the  weatherometer  hours 
into  projected  service  years. 

The  weatherometer  tear  vs  hours  curves  (Tables  III  and  V)  cannot  be 
correlated  to  the  tear  strength  vs  years  of  age  curve  (Figures  35 
and  36)  This  is  because  there  is  no  significant  change  in  the  tear 
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vs  weatherometer  agings  for  both  the  fuel  and  water  constructions 
and  no  significant  changes  in  tear  with  age  for  the  Uniroyal 
supplied  water  tanks,  but  rather  significant  changes  in  the  tear 
properties  of  the  Unlroyal  supplied  fuel  tanks  with  age. 

The  weatherometer  aged  data  does  not  provide  useful  information  for 
predicting  tank  life  expectancy  fit  for  use  information.  The  data 
from  the  Uniroyal  tanks  tested  in  this  program  and  the  non¬ 
destructive  methods  for  determination  of  a  tank's  elongation  at  a 
given  stress  load  may  hold  the  key  for  fit  for  use  and  projected 
use  life. 

Figures  45  and  46  (pages  63  and  64)  show  plots  of  tear  (U  and  F)  vs 
tank  age  and  elongation  at  509  load  <W  and  F)  for  the  four  unlroyal 
supplied  tanks  having  the  same  reinforcing  tank  fabric. 

The  trends  shown  in  these  graphs  indicate  that  the  tank  tear  drops 
with  age  as  does  the  tank's  elongation  at  a  given  load  factor.  This 
data  is  more  pronounced  for  the  fill  direction  than  for  the  warp 

This  correlation  does  not  seem  to  be  present  in  the  data  for  the 
Uniroyal  water  tank  construction  (see  Figures  36  and  38  in  Section 
6  4  of  this  report ) . 

The  data  on  the  Unlroyal  fuel  tanks  is  very  limited,  but  it  does 
show  that  a  method  for  determining  tank  serviceability  and  fit  for 
use  is  possible  using  the  following  approach: 

l  Determine  a  tank's  elongation  capacity  in  the  fill  direction  at 
a  given  load  by: 

A.  The  Uniroyal  "clamp-on"  test  fixture. 

B  Air  Inflation  and  strain  rosette  measurements 
C  Water  inflation  and  strain  rosette  measurements. 

2.  Plot  the  elongation  obtained  against  a  chart  similar  to  the  ones 
shown  in  Figures  45  and  46  and  read  off  the  corresponding  tear 
and  age  in  years.  If  the  tear  value  exceeds  the  anticipated  wall 
stress  for  the  tank  in  question,  the  tank  is  serviceable. 

A  projected  service  life  can  be  predicted  also  from  consulting  the 
chart  and  determining  the  time  remaining  until  the  tear  strength 
falls  below  the  wall  stress  for  the  tank  in  question. 

This  method  would  be  tank  type  specific  and  would  eventually  require 
standardization  of  fabric  re i nf or cement .  It  would  also  require  a 
data  base  much  larger  than  the  four  tanks  sampled  under  this  program 
and  would  be  required  for  each  tank  manuf acturer . 

The  Uniroyal  Plastics  Company,  Inc.'s  "clamp-on"  test  fixture 
developed  for  this  contract  has  proven  its  usefulness  in  determining 
tank  elongations  at  a  given  stress  load  and  also  as  a  tool  for 
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determining  tank  serviceability  by  spot  checking  seams  of  a 
suspect  tank  to  determine  if  they  will  support  anticipated  filled 
stress  loadings. 

THEORY  II  (Results) 

As  was  shown  in  Section  6.5,  the  anticipated  correlation  of  data 
between  carbon/oxygen  ratios  run  on  weatherometer  aged  specimens 
and  weatherometer  aged  tear  specimens  was  not  possible. 

Other  unanticipated  problems  occurred  which  interfered  with  the 
anticipated  degradation  mechanisms  described  below. 

The  following  descriptions  are  the  mechanisms  of  degradation  of 
materials  utilized  to  produce  military  fuel  and  water  storage  tanks. 

Nitrile  and  Chlorobutyl  Materials  -  Degradation  of  these  polymeric 
materials  involves  autocata lyt  1  c-f ree  radical  chain  reaction.  Free 
radicals  are  formed  in  rubber  by  heat,  light,  oxygen,  etc.  These 
free  radicals  then  react  with  oxygen  or  rubber  to  produce  more  free 
radicals  and  degrade  the  polymer  chain.  This  Increase  in  oxygen 
content  shows  up  in  the  c/o  ratio  determination.  Rubber  compounds 
are  generally  protected  by  antioxidants  which  react  with  the  free 
radicals  and  prevent  rapid  polymer  degradation  until  they  themselves 
are  depleted 

Polyurethane  Materials  -  The  predominant  degradation  mechanism  for 
polyurethane  polymers  is  hydrolysis.  This  process  involves  the 
combination  of  urethane  with  water  to  form  an  amine  and  carbamic 
acid  which  in  turn  react  to  form  urea  and  carbon  dioxide.  This 
mechanism  results  in  the  polymer  containing  less  oxygen  with  time 
as  the  polymer  ages.  This  decrease  in  oxygen  content  shows  up  in  the 
c/o  ratio  determination.  Polyurethane  compounds  are  generally 
protected  by  hydrolytic  stabilizers  which  react  with  the  water  and 
prevent  rapid  polymer  degradation  until  they  themselves  are  depleted. 

In  theory,  the  c/o  ratio  should  decrease  as  nitrile  and  chlorobutyl 
materials  age  and  Increase  as  polyurethane  materials  age. 

During  the  weatherometer  agings  run  on  the  chlorobutyl  and  nitrile 
materials  there  was  an  initial  drop  followed  by  a  leveling  off  of 
the  c/o  ratios  (except  for  the  unexplained  high  peak  c/o  at  2000 
hours  for  the  S/N  W150  chlorobutyl  tank).  The  samples  taken  from 
the  Unlroyal  chlorobutyl  tanks  of  various  ages  show  a  steady  decline 
of  the  c/o  ratios  with  time  which  is  consistent  with  the  degrada¬ 
tion  theory  Uniroyal  feels  that  another  influence  may  be  affecting 
the  weatherometer  aged  c/o  data.  This  influence  is  the  accumulation 
of  scale  on  the  surface  of  the  samples  from  the  water  spray 
introduced  on  the  samples  in  the  weatherometer.  This  scale  could  mask 
the  actual  degraded  surface  and  account  for  the  lack  of  steady 
decline  of  the  c/o  ratio  with  increasing  exposure. 
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During  the  weatherometer  aging  of  the  urethane  materials  an  Increase 
in  c/o  ratio  was  expected.  Both  the  Unlroyal  and  ILC  materials 
appear  to  have  relatively  the  same  c/o  ratio  throughout  the  test 
period.  This  could  also  be  attributed  to  the  scale  formation  on  the 
sample  surface  The  samples  taken  from  the  field  aged  tanks  show 
erratic  behavior  One  explanation  is  that  since  some  of  these  tanks 
have  seen  filled  service  and  have  residual  diesel  fuel  on  their 
surfaces,  this  would  change  the  base  c/o  ratio  of  the  material  and, 
hence  interfere  with  the  measurement  of  the  actual  degradation  of 
the  polyurethane  This  should  not  however  affect  sampling  tanks  that 
have  been  stored,  but  not  in  service. 

This  non-destructive  technique  could  be  adapted  for  use  in 
determining  the  servi ceabl 1 1 ty  of  Uniroyal  water  tank  constructions 
in  the  following  manner: 

1.  Sample  tank  coating  compound. 

2.  Submit  sample  for  c/o  ratio  testing. 

3  If  c/o  ratio  is  not  below  34,  the  tank  will  demonstrate  physical 
properties  (i.e.  tear)  comparable  to  those  shown  in  Figure  36. 

The  technique  does  not  seem  to  have  merit  in  the  testing  of  fuel 
tanks  due  to  the  presence  of  residual  fuel  and  fuel  degradation 
products . 

Further  work  done  correlating  artificially  U.V.  aged  sample  data  to 
samples  taken  from  field  aged  samples  should  be  done  in  a  fade-o- 
meter  type  machine  which  provides  only  U.V.  exposure  without  the 
water  spray 
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70  TASK  IV  ABRASION  TEST  RESULTS 

71  Unlroyal  Plastics  Company,  Inc  .  ,  under  the  Technical  proposal  for 
this  contract,  had  proposed  the  running  of  three  different  types 
of  abrasion  testing  on  each  of  the  government  supplied  tanks. 

Part  of  the  contract  requirements  was  to  determine  an  abrasion 
test  method  which  would  accurately  correlate  to  the  relative 
field  performance  of  the  different  tank  constructions.  This 
information  could  only  be  obtained  from  government  sources.  This 
information  was  requested  several  times  and  was  finally  determined 
to  be  unavailable.  At  this  point,  Modification  P002  was  Issued  to 
the  contract  which  stated  that  TASK  IV  was  to  be  dropped  and  that 
Unlroyal  Plastics  Company,  Inc.  would  publish  all  data  obtained 

to  date,  with  a  list  of  equipment  used  The  tests  run  to  this  point 
and  a  description  of  the  test  equipment  used  are  detailed  in  this 
section. 

72  Abrasion  -  Rotary  Platform  Doublehead  ASTM  D-1175 

Uniroyal  Plastics  Company,  Inc.  ran  the  abrasion  test  utilizing 
this  equipment  on  two  water  tank  constructions. 

The  proposed  testing  was  to  include  the  use  of  four  abrasion  wheel 
types  ( CS 10,  CS 17,  H18  and  H22),  500  and  1000  gram  loads  with  cycles 
to  run  500,  1000,  1500  and  cycles  to  wear  to  fabric  rel nf orcement . 

It  was  found  that  for  the  two  water  tank  constructions  tested  that 
the  CS 1 0  and  CS17  wheels  were  not  abrasive  enough  to  show  any 
significant  wear,  even  after  30,000+  cycles  These  wheels  were 
dropped  from  the  test  program  in  favor  of  the  coarser  H18  and  H22 
wheels  It  was  also  determined  that  a  standard  load  of  500  grams  was 
not  sufficient  to  obtain  meaningful  results  in  a  reasonable  length 
of  time,  the  tests  were  then  run  at  a  1000  gram  load  The  data 
obtained  for  the  tests  run,  until  the  P002  Modification  terminated 
testing,  is  shown  below  in  Table  XIII. 

TABLE  XIII 

TANK  WT  LOSS  ( GR  >  AT  CYCLES  SHOWN  (1000  GR  LOAD) 


DESCRIPTION 

WHEEL 

1000 

1500 

5000 

TO  FABRIC 

CYCLES  TO 

Unlroyal 

50K  Water 

S/N  W150 

H18 

H22 

1 . 43 

1 . 06 

1 . 84 

1 . 70 

2.  93 

6.  59 

3555 

Goodyear 

20K  Water 

H 1 8 

H22 

4.  23 

4.  10 

6.  41 

4.  68 

— 

9.  75 

3200 

S/N  84-25727 

The  above  data  indicates  better  performance  by  the  Uniroyal 
construction  than  the  Goodyear  construction  it  must  be  noted  that 
this  ranking  does  not  necessarily  relate  to  relative  field 
performance,  since  the  field  data  was  unavailable  for  comparison. 
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3  Abrasion  -  Oscillatory  Cylinder  Method  ASTM  D-1175  (Wyzenbeek) 

Uniroyal  Plastics  Company,  Inc.  conducted  Wyzenbeek  abrasion  tests 
on  two  water  tank  constructions. 

The  proposed  testing  was  to  expose  two  samples  of  each  tank 
construction  to  the  abrasive  effects  of  40,  80  and  120  grit  aluminum 
oxide  abrasive  cloth,  wood  and  the  tank  material  Itself.  The  sample 
was  to  be  under  two  pounds  tension  and  two  pounds  load.  The 
anticipated  cycles  to  be  run  were  50,  100,  200,  250  and  cycles  to 

fabric  +/-  25  Weight  checks  after  each  cycle  time  were  to  be 
measured  and  wear  to  fabric  cycles  noted. 

During  the  early  stages  of  the  testing  program,  it  became  apparent 
that  the  two  pound  tension  and  two  pound  load  settings  resulted  In 
excessively  long  testing  required  to  expose  the  tank  reinforcing 
fabric,  16,000  to  60,000  cycles.  At  this  point,  a  series  of  tests 
were  run  increasing  the  tension  to  six  pounds  and  the  load  to  three 
and  one-half  pounds.  The  results  of  both  sets  of  data  are  reported 
in  Table  XIV  for  each  of  the  two  water  tank  constructions  tested. 

TABLE  XIV 


TANK 

DESCRIPTION 

ABRASIVE 

SURFACE 

TENSION 

LOAD 

CYCLES  TO 
FABRIC 

Un i royal 

40  grit 

2 

2 

60, 000 

50K  Water 

80  grit 

2 

2 

20, 000 

S/N  W150 

40  grit 

6 

3  1/2 

2,466 

80  grit 

6 

3  1/2 

2,  407 

Goodyear 

40  grit 

2 

2 

23, 158 

20K  Water 

80  grit 

2 

2 

16, 200 

S/N  84-25727 

40  grit 

6 

3  1/2 

3,  182 

80  grit 

6 

3  1/2 

4,  278 

It  was  at  this  point  in  the  test  program  when  the  P002  Modification 
stopped  this  portion  of  the  work  effort. 

As  can  be  seen  by  the  data,  the  Uniroyal  construction  performed  far 
better  than  the  Goodyear  construction  at  two  pounds  tension  and  two 
pounds  load;  while  at  six  pounds  tension  and  three  and  one-half 
pounds  load  the  Goodyear  construction  performed  better.  In  order  to 
determine  which  sets  of  conditions  best  duplicate  field  situations, 
it  would  be  necessary  for  Uniroyal  to  know  the  relative  field 
performance  of  these  two  constructions  as  it  relates  to  abrasion 
resistance 

4  Uniroyal  Dynamic  Drag/Drop  Abrasion  Tester 

Uniroyal  Plastics  Company,  Inc.  developed  this  piece  of  test 
equipment  which  combines  a  short  drop  under  a  given  load  with  a 
reciprocal  drag  under  load.  This  equipment  has  been  utilized  to  test 
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the  abrasion  resistance  of  athletic  equipment  against  various 
surface  types.  The  action  of  this  tester  would  simulate  the 
conditions  of  a  storage  tank  being  dumped  out  of  a  crate  onto  an 
abrading  surface  and  pulled  along  that  surface.  Figure  47  shows  the 
path  of  travel  of  the  test  specimen  It  was  proposed  that  tarmac, 
crate  wood  and  40  grit  aluminum  oxide  abrasive  cloth  be  used  for 
this  test  as  the  abrasion  surface. 

FIGURE  47 

Unlroyal  Orop/Drag  Tester 


Uniroyal  Plastics  Company,  Inc.  felt  that  this  type  of  tester  would 
yield  the  most  meaningful  results  regarding  the  relative  abrasion 
resistance  of  storage  tank  materials.  The  proposed  test  schedule 
(see  Figure  48)  was  to  be  used  as  a  guide  only.  Sufficient  samples 
were  to  be  run  to  fine-tune  the  procedure.  One  set  of  samples  was 
also  to  be  run  mounting  the  samples  in  such  a  manner  that  the  edge 
(corner  of  a  double  fold)  would  be  subjected  to  the  abrasion 
surfaces. 


FIGURE  48 

Unlroyal  Drop/Drag  Tester  Test  Plan 


Cvcles»  to  Fabric 

Abrading  Surface 

5  lbs 

l.O  lbs 

2.0  lbs 

Crate  wood 

Tarmac 

40  grit  abrasive 

*»  Cycle  =  1-6"  drop,  1-8"  push,  1-8"  pull 
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Work  had  progressed  to  the  point  where  the  tester  had  been  run  on 
a  very  limited  basis  on  Uniroyal  tank  materials.  Modifications  were 
in  progress  to  set  the  weight  requirements  to  best  suit  the 
materials  being  tested,  when  this  portion  of  the  contract  was 
terminated  by  Modification  P002. 

It  is  still  felt  by  Uniroyal  Plastics  Company,  Inc.  that  this  type 
of  test  would  be  useful  in  determining  the  relative  abrasion 
resistance  in  a  relatively  short  test  cycle  and  would  simulate 
field  type  situations. 

75  Comments  on  types  of  abrasion  tests,  as  they  relate  to  field 

conditions: 

It  is  Uniroyal  Plastics  Company's  opinion,  from  our  experience, 
that  the  Rotary  Platform  Doublehead  (Taber)  abrasion  method  would 
best  duplicate: 

1.  Abrasion  encountered  when  tanks  are  dragged  on  a  sand  surface. 

2.  Abrasion  encountered  when  a  tank  is  being  filled  with  a  large 
hose  and  high  gpm  pump.  Under  this  condition,  buffettlng  occurs 
on  the  tank  bottom  causing  movement  on  the  sand  base,  resulting 
in  tank  abrasion. 

The  Oscillatory  Cylinder  Tester  (Wyzenbeek)  will  best  duplicate 
abrasion  conditions  experienced  when  a  tank  is  crated  and  being 
transported,  abrasion  against  crate,  itself,  or  if  uncrated,  against 
dirt  or  sand  in  the  transport  vehicle. 

The  Drop/Drag  Tester  will  best  duplicate  conditions  experienced 
during  tank  handling,  both  for  the  initial  installation  and  removal 
from  service. 

80  TASK  VI  ANALYSIS  OF  PACKAGING,  HANDLING  AND  REPACKAGING 

81  The  following  is  an  analysis  of  packaging,  handling  and  repackaging 
techniques.  The  individual  topics  to  be  addressed  are: 

A.  Crate  design 

B.  Tank  positioning  and  protection  inside  the  crate 

C.  Tank  deployment  techniques  and  procedures 

D.  Procedures  utilized  to  remove  the  tank  from  service  and 
repackag i ng 

8  2  Crate  Design: 

Although  the  tank  specifications  have  been  revised  to  require  a 
heavy-duty,  reusable  lag-bolted  wooden  crate,  the  following 
recommendations  should  be  considered  in  order  to  optimize 
protection  for  the  storage  tank  and  components: 
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1.  Specified  inside  dimensions  should  be  established  for  each  tank 
size.  (The  size  would  be  adequate  to  contain  all  manuf acturer 's 
tanks.  The  size  would  also  be  such  as  to  allow  for  field  use 
folding  and  repacking.) 

2.  The  crate  should  be  of  such  design  that  only  the  lid  is  removed, 
with  all  of  the  contents  remaining  inside  The  crate  could  contain 
a  false  bottom  floor  in  which  all  hardware,  including  hoses  could 
be  stored  in  the  crate  bottom;  a  sub-floor  placed  over  the  tank  in 
the  crate  and  the  ground  cloth  stored  on  top  for  easy  access. 

The  tank  would  be  better  protected,  especially  on  repack,  after 
field  duty,  where  all  the  preservation  items  may  be  lost. 

3.  In  order  to  keep  the  crate  ltd  together  with  the  crate,  draw  pull 
latches  could  be  permanently  attached  to  the  crate  (see  Figure  49) 

FIGURE  49 

Draw  Pull  Latch 


83  Tank  Positioning  and  Protection  Inside  the  Crate: 

1.  All  tanks  and  ground  cloths  should  have  folding  indicators 
permanently  marked  so  all  folding  is  done  the  same  way,  especially 
on  repack. 

2.  All  tanks  and  ground  cloths,  regardless  of  construction  materials, 
should  be  placed  into  an  individually  sealed,  water /vapor-proof 
bag,  providing  a  sealed  atmosphere.  This  need  only  be  done  at 
initial  packaging/packing  at  the  manuf acturer ' s  facility.  Bagging 
the  tank  and  ground  cloth  will  increase  the  tank  shelf-life  of 
both  Lining  of  the  crate  can  then  be  eliminated. 

3  A  sling  should  be  designed  for  each  size  tank  so  the  tank  can 
easily  be  lifted  from  and  placed  back  into  the  crate  without 
totally  disassembling  the  crate. 

A  sling  can  be  economically  constructed  from  present  Military 
Standard  webbing  and  buckles. 

The  sling  can  also  be  used  to  transport  and  position  the  tank  at 
the  deployment  spot. 

4.  Another  alternative  to  a  sling  would  be  a  lifting  bar. 

Each  deployment  sight  would  have  a  lifting  bar  capable  of  lifting 
up  to  50,000  gallon  tanks.  The  tanks  would  be  bound  in  their 
rolled,  folded  form  using  webbed  belting,  buckles  and  delta  rings 
The  lifting  bar  hooks  would  match  the  delta  rings  and  the  tank 
then  lifted  from  the  crate  (see  Figure  50). 
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Tank  and  Ground  Cloth  Deployment  Techniques  and  Procedures: 

Specific  deployment  techniques  and  procedures  are  of  utmost 
importance  These  techniques  and  procedures  should  include,  but  not 
be  limited  to: 

1.  Instructions  on  removing  the  lid  from  the  crate. 

A  special  document  instructing  the  removal  of  the  lid  should  be 
placed  in  a  vapor-proof  envelope  and  attached  to  the  outside  of 
the  lid  between  the  supporting  cleats  This  document  should  also 
define  where  to  find  the  Operations  and  Maintenance  Manual. 

2.  The  Operations  and  Maintenance  Manual  should  define  the  removal 
of  the  ground  cloth  from  the  crate  and  the  method  of  location  and 
unfolding. 

3.  The  manual  should  instruct  the  use  of  the  sling  to  remove  the  tank 
from  the  crate  and  place  it  into  a  deployment  position,  correctly 
onto  the  ground  cloth,  so  they  are  properly  located  to  each  other 

4.  The  Operations  and  Maintenance  Manual  should  also  Include  a 
chapter  on  salvaging  the  preservation  material  and  handling  of  the 
crate  when  not  in  use. 

The  preservation  material  should  be  stored  inside  the  crate  and 
the  crate  lid  held  in  place  with  draw  pull  latches  (see  Paragraph 

A.  3) . 

Procedure  Utilized  to  Remove  Tank  from  Service  and  Repacking: 

The  emptying  procedures  found  in  Technical  Manual  TM5-5430-219-13  &  P 
are  accurate.  Greater  detail  in  repacking  is  required,  especially 
the  removal  of  residual  fuel: 
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1.  The  removal  of  residual  fuel. 

Based  on  our  field  observations  during  military  training 
operations,  there  is  great  difficulty  in  removing  approximately 
30  to  50  gallons  of  residual  fuel.  Attempts  were  made  to  remove 
this  fuel  through  the  drain  assembly,  which  is  located  6  feet  away 
from  the  end  of  the  tank.  One  of  the  most  dramatic  methods  was  to 
cut  the  tank  at  one  corner  and  roll  the  tank  towards  that  corner 
UNIROYAL  feels  that  it  is  feasible  to  add  a  small  fitting  at  the 
bottom  corner  of  the  tank  to  which  the  drain  hose  could  be 
attached  when  emptying  the  tank.  The  tank  could  then  be  rolled 
towards  this  end/corner  and  the  residual  fuel  extracted  through 
the  hose  into  a  receptacle. 

Another  option  of  removing  the  residual  fuel  is  to  add  an 
additional  small  ID.  suction  hose,  which  can  be  inserted  through 
the  fill/discharge  assembly  and  then  pump  the  residual  fuel  out. 

2.  Sub-assemblies. 

Sub-assemblies  should  be  removed  from  the  tank;  cushioning  placed 
around  all  hardware,  if  still  available,  and  stored  under  the  sub¬ 
floor  where  the  hardware  could  not  damage  the  tank. 

3  Refolding  of  the  tank. 

Since  each  tank  is  the  same  size,  folding  indicators  should  be 
permanently  marked  on  each  tank  at  fabrication.  These  indicators 
would  allow  the  tank  to  be  field  folded  similarly  to  the  folding 
performed  by  the  manufacturer 

4.  Sling. 

The  sling  should  be  positioned  on  the  tank  to  store  it  in  the 
crate. 


CONCLUSIONS 

The  results  of  the  2000  hour  weatherometer  aging  show  good 
performance  of  all  tank  constructions  tested.  All  physical  prop¬ 
erties  of  all  tanks  tested  were  well  within  a  safety  factor  of  two 
for  supporting  tank  stress  loadings  when  filled  to  their  rated 
capacity,  regardless  of  the  '/.  retention  of  those  properties.  It 
appears  that  a  2000  hour  weatherometer  exposure  does  not  duplicate 
conditions  in  the  field  which  could  cause  catastrophic  tank  failures; 
a  much  longer  exposure  period  is  required. 


The  seam  peel  and  shear  test  results  show  excellent  performance  of 
both  tanks  when  subjected  to  each  of  the  test  fluids  for  14,  28  and 
42  days  at  160°F.  In  fact,  both  tank  constructions  meet  or  exceed 
the  original  test  requirements  after  42  day  immersions  in  each  test 
fluid. 
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The  test  results  for  fitting  shear  also  show  good  results  except 
for  the  curved  section  of  the  access  door  cut  from  the  ILC  tank  and 
tested  for  originals,  14  day  Fuel  B  and  14  day  MIL-F-46162B  fuel  + 
EGME  These  values  fell  below  M1L-T-52983C  specification  require¬ 
ments  However,  the  averages  of  the  straight  and  curved  sections 
passed  and  the  28  and  42  day  values  for  the  curved  sections  were 
well  above  the  specification  minimums 

9  3  The  use  of  the  Unlroyal  designed  "clamp-on"  test  fixture  for 

determining  tank  wall  elongations  at  given  stress  loadings  proved 
very  feasible.  This  non-destructive  method  enables  an  investigator  to 
determine  a  tank's  serviceability  and  also  provides  data  concerning 
the  stress/strain  characteristics  of  the  tank  body  material. 

9  4  Methods  were  developed  to  determine  a  tank's  elongation  character¬ 

istics  during  air  testing  and  water  fill. 

95  Physical  property  vs  tank  age  graphs  were  developed  for  Uniroyal 
water  and  fuel  tanks  which,  when  developed  on  a  larger  data  base, 
can  be  used  coupled  with  non-destructive  test  methods  and  used  to 
predict  serviceability  and  service  life 

96  Techniques  were  developed  for  determining  carbon/oxygen  ratios  for 
field  aged  tanks  which,  in  the  case  of  Uniroyal  water  tanks,  can  be 
used  to  predict  tank  serviceability. 

97  Several  test  methods  were  investigated  to  relate  abrasion  test 
methods  to  tank  serviceability.  This  effort  was  terminated  in  the 
middle  of  the  investigation  because  the  government  was  unable  to 
provide  relative  field  performance  data  on  tanks  manufactured  by 
different  suppl  lers. 

98  Since  a  large  percentage  of  storage  tank  field  failures  are  caused  by 
mishandling  of  the  unit  during  unpacking,  deployment  and  repacking, 
particular  attention  needs  to  be  given  to  the  recommendations  made 

in  the  Task  III,  Phase  VI  section  on  Analysis  of  Packag i ng /Hand  1 1 ng 
and  Repackaging  Techniques 

10.0  RECOMMENDAT I ONS 

10  l  In  view  of  the  recent  changes  in  MIL-T-52983  revision  D  and  proposed 

revision  E  regarding  tensile  retention  after  weatherometer  aging, 
serious  consideration  needs  to  be  given  to  the  validity  of  this  test 
as  a  method  for  predicting  tank  longevity.  If  any  physical  property 
should  be  measured  after  weatherometer  exposure  it  should  be  a  tear 
property  rather  than  a  tensile  property.  The  criteria  should  be  an 
absolute  minimum  value  rather  than  a  7.  retention  figure,  which  is 
meaningless  when  it  is  related  to  tank  serviceability. 

10  2  Adopt  the  use  of  the  "clamp-on"  tension  tester  as  a  method  for 

determining  tank  serviceability  and  expand  the  data  base  on  tanks 
manufactured  by  different  suppliers  so  that  measurements  made  could 
be  used  to  predict  remaining  tank  use  life. 
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10  3  The  government  agencies  using  fuel  and  water  storage  tanks  need  to 
Implement  a  program  of  tracking  tank  field  performance  so  that  a 
data  base  can  be  established  enabling  manuf acturers  to  zero  In  on 
problem  areas  which  could  positively  impact  storage  and  service 
life  This  data  base  should  include  the  relative  abrasion  resistance 
of  tank  types  in  service. 
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UNIROYAL  COMMENTS  ON  TANK  FAILURE  MODES 

Uniroyal  Plastics  Company's  involvement  in  commercial  markets  has 
enabled  us,  through  our  customer  service  efforts,  to  gain  a  vast 
amount  of  information  on  tank  field  performance. 

Uniroyal  Plastics  Company's  experience  in  field  performance  of 
water  and  fuel  tanks  has  led  to  these  conclusions  regarding  tank 
performance  and  service  life: 

o  Mechanical  Damage:  By  far  the  most  prevalent  mode  of  tank 
unserviceability  is  related  to  damage  incurred  during  tank 
deployment  or  removal  from  service  This  damage  consists  of: 

(most  frequent  first) 

1.  Holes  due  to  abrasion  caused  during  deployment 

2  Punctures  from  foreign  objects  incurred  during  deployment 
or  unpacking. 

3  Tank  being  cut  open  during  removal  from  service  to  remove 
residual  fuel  or  water. 

4  Cuts,  holes,  abrasions  due  to  removal  from  service  and 
storage  outside  in  unprotected  areas.  (Wooden  packing  crates 
are  not  reuseable  ) 

o  Degradation  of  Materials.  Tanks  which  are  handled  properly  or 
are  deployed  initially  and  left  at  one  location  may  eventually 
fail  in  service  through  the  following  modes: 

1  Degradation  of  polymer  coating  followed  by  degradation  of 
the  fabric  reinforcement,  leading  to  tensile  and  or  tear 
failure  of  the  re i nf or  cement  fabric.  The  tensl!?  failure 
occurs  when  the  hoop  stress  from  the  filled  tank  exceeds 
the  remaining  re  1 nf or cement  strength.  Tear  failure  occurs 
when  the  hoop  stress  of  the  filled  tank  exceeds  the 
remaining  tear  strength  of  the  degraded  fabric.  This  type  of 
failure  occurs  at  points  of  stress  concentration  such  as 
seam  edges,  fitting  flanges,  mechanical  repair  clamps  or 
plugs.  These  types  of  failures  tend  to  be  catastrophic  in 
nature  resulting  in  a  tank  tearing  open  from  end  to  end. 

This  type  of  problem  can  usually  be  spotted  and  the  tank 
removed  from  service  prior  to  catastrophic  failure. 

2  Degradation  of  seam  adhetive  or  seam  interface  (heat  sealed) 
This  condition  is  caused  by  attack  of  water,  fuel  and  fuel 
decomposition  products  on  the  seam  adhesive.  It  is 
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characterized  by  a  lifting  up  of  the  seam  edge  with 
progressive  intrusion  into  the  seam.  Signs  of  Impending 
failure  is  character i zed  by  seeping  at  seam  edges.  This 
type  of  degradation  can  be  spotted  and  a  tank  exhibiting 
these  problems  can  be  removed  from  service  prior  to 
catastrophic  failure 

3  Tank  overfilling  Tanks  are  inadvertently  overfilled  and 
failure  occurs  from  tensile  failure  of  the  re  1 nf or cement 
fabric  at  points  of  stress  concentration.  The  area  of 
greatest  stress  concentration  is  located  at  the  oval  access/ 
fill  fittings.  Traditionally,  failure  occurs  at  this  point 
followed  by  tearing  of  the  coated  fabric  until  the  hoop 
stress  level  is  lower  than  the  tear  strength  of  the  fabric. 

4  Isolated  manufacturing  defects  not  detected  with  contractor 
controls  or  specification  testing:  These  defects  (primarily 
associated  with  bonded  seam  areas)  can  cause  premature  tank 

f  ai lure. 
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APPENDIX  II 

USE  OF  "CLAMP-ON"  STRESS/ STRA I N  TEST  FIXTURE 
o  Procedure 
o  Figures  1  through  13 

o  Drawings  I  and  II 
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APPENDIX  II 
PROCEDURE 

USE  OF  STRESS/STRAIN  TEST  FIXTURE 


7/8/88  DVP 


Step  1  Mark  area  to  be  tested  perpendicular  or  parallel  to  seam  using 
carpenter  square. 

Step  2  Bulge-up  material  in  marked  area.  (Figure  2) 

Step  3  Pinch  fold  in  tank  material  and  wrap  partially  around  knurled  rod  "A".* 

(Figure  2) 

Step  4  Place  mainframe  "B"  over  tank  material  and  knurled  rod.  (Figure  3) 

Step  5  Slip  lower  jaw  "C"  onto  guide  pins  and  insert  bolt  "D"  and  tighten 

assembly.  (Figure  4)  Figure  5  illustrates  fixed  end  assembly. 

Step  6  Slip  loose  jaw  "E"  with  adjustment  screw  onto  guide  rods  "F". 

(Figure  6)  (Adjustment  screw  to  project  approximately  1"  through 
frame.) 

Step  7  Pinch  fold  in  tank  material  and  wrap  partially  around  knurled  rod  "G". 
Fit  folded  material  and  knurled  rod  into  upper  jaw  "E".  (NOTE: 
Adjustment  screw  should  be  resting  on  ball  bearing  on  gauge  "L".) 
(Figure  7) 

Step  8  Slip  lower  jaw  "H"  onto  guide  pins  and  insert  bolt  “J"  and  tighten 
assembly.  (Figure  7) 

Step  9  Remove  slack  between  jaws  jy  placing  thumb  on  end  of  guide  rod  "F" 
and  using  fingers  to  Dull  back  on  sliding  jaw  assembly.  (Figure  8) 

Step  10  Turn  adjustment  screw  "K"  to  rest  on  ball  bearing  on  gauge  "L". 

(Figure  9)  (Allow  slight  preload  2  to  5  lbs.) 

Step  11  Turn  adjustment  screw  clockwise  to  initially  stress  material  to 
approximately  150  lbs  for  one  minute.  (Figure  10) 

Step  12  Back  off  adjustment  screw  "K"  so  that  gauge  stoos,  then  set  gauge  to 
zero.  Measure  and  record  distance  between  jaws  with  Vernier  caliper. 
(Figure  11) 

Step  13  Again  turn  adjustment  screw  "K"  to  predetermined  load  from  chart;  keep 
readjusting  until  gauge  settles. 

Step  14  Measure  and  record  distance  between  jaws  with  Vernier  caliper. 

(Figure  13) 

Step  15  Subtract  initial  reading  from  second  reading  -  divide  result  by  initial 
reading  and  multiply  by  100  to  get  percentage  strain. 

*  See  Drawing  I  and  Drawing  II  for  test  fixture  detail. 

NOTE:  Additional  items  required: 

1.  1/2"  socket 

2.  Vernier  calipers 

3.  Flat  blade  screwdriver 

4.  Carpenter  square 


FIGURE  1 


FIGURE  2 


FIGURE  3 


FIGURE  4 


FIGURE  5 


FIGURE  6 


FIGURE  7 


FIGURE  8 


FIGURE  9 


FIGURE  12 


FIGURE  13 
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26  July  1989 


Mr.  G.  E.  Colley 
Uniroyal  Plastics  Company 
312  North  Hill  Street 
P.0.  Box  2000 
Mishawaka,  IN  46544 

Dear  Mr.  Colley: 

I  have  used  XPS  to  analyze  the  ten  elastomer  samples  that  we  received 
from  you  last  week.  The  following  table  gives  the  measured  carbon- to -oxygen 
atom  %  ratios  for  the  surfaces  that  were  away  from  the  adhesive  tape  in  each 
envelope . 


Sample 

X  Carbon/X  Oxvzen 

UNI-S/N  W  150 

2000 

hrs 

9.9 

ILC-S/N  794 

500 

hrs 

2.8 

H 

1000 

hrs 

1.9 

II 

1500 

hrs 

2.1 

It 

2000 

hrs 

1.9 

UNI-S/N  W  155 

500 

hrs 

3.3 

II 

1000 

hrs 

3.6 

II 

1500 

hrs 

3.7 

n 

2000 

hrs 

3.1 

GDY-S/N  84-25727 

2000 

hrs 

1.35 

RESEARCH  INSTITUTE 

300  College  Park  Dayton,  Ohio  45469-0001 


Mr.  G.  E.  Colley 
Unlroyal  Plastics  Company 


26  July  1989 
Page  2 


The  survey  scans  for  these  samples  show  that  in  all  cases,  elements  other  than 
carbon  and  oxygen  are  detected.  On  each  of  the  ILC-S/N  794  samples,  for 
example,  small  amounts  of  iron,  silicon,  calcium,  and  nitrogen  are  detected  on 
the  surface. 

Please  call  me  if  you  have  any  questions  about  these  results. 


Sincerely , 


Tom  Wittberg 
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24  October  1988 


Mr.  G.  E.  Colley 
Uniroyal  Plastics  Company 
312  North  Hill  Street 
P.0.  Box  2000 
Mishawaka,  IN  46544 


Dear  Mr.  Colley: 


I  have  used  XPS  to  analyze  the  six  elastomer  samples  that  you  sent  to  Jim 
Hoenigman  last  week.  The  following  table  gives  the  measured  carbon/oxygen 
atom  X  ratios  for  the  surfaces  of  interest. 


Sample 


X  Carbon/%  Oxygen 


UNI -5439  #2222  4.6 

UNI -5444  6.4 

UNI -SN  W150  (seed  1000  hrs)  4.9 

UNI - SN  W150  (aged  1500  hrs)  3.3 

GDY-SN84-25727  (aged  1000  hrs)  0.87 

GDY-SN84-25727  (aged  1500  hrs)  1.35 


I  have  included  a  survey  scan  for  each  sample.  In  some  cases  this  scan  shows 
that  other  elements  such  as  chlorine,  silicon,  nitrogen  and  calcium  are 
detected  in  addition  to  carbon  and  oxygen.  I  have  also  included  high  resolu¬ 
tion  scans  of  the  carbon  Ls  and  oxygen  Is  peaks  for  each  sample.  In  some 
cases  the  carbon  Is  peak  shows  strong  shoulders  due  to  C-0  or  C-0  bonded 
carbon. 


Please  let  me  know  if  you  have  any  questions  about  these  results. 


Sincerely, 

Tom  WittbergJ 
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The  Uni  versity  of  Dayton 

20  July  1988 


Mr.  P.  A.  Lightner 

Uniroyal  Plastics  Company  Inc. 

312  North  Hill  Street 

P.O.  Box  2000 

Mishawaka,  IN  46544-1399 


Dear  Mr.  Lightner: 

I  have  used  XPS  to  analyze  the  eight  storage  tank  elastomer 
samples  that  I  received  from  you  last  week.  The  following  table 
gives  the  measured  carbon/oxygen  atom  %  ratios  for  the  surfaces 
of  interest. 


Sample 

GDY-S/N  84-13805 
UNI-S/N  W-240 
ILC-S/N  794 
UNI-S/N  W-158 
UNI-S/N  W-155 
UNI-S/N  W-358 
GDY-S/N  84-25727 
(500  hr.  W.O.) 
UNI-S/N  W-150 
(500  hr.  W.O.) 


%Carbon/%Oxvaen 

4.2 

3.4 

2.5 
4.2 
3.9 
3.9 
1.8 

3.1 


I  have  included  copies  of  the  carbon  Is  and  oxygen  Is 
photoelectron  peaks  for  each  sample.  I  have  also  included  a 
survey  scan  for  each  sample  which,  in  some  cases,  shows  that 
other  elements  such  as  chlorine,  silicon,  zinc  and  nitrogen  are 
also  detected. 
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I  noticed  that  the  two  500  hr.  samples  were  taped  to  the 
white  paper.  I  should  caution  you  against  marking  or  putting 
tape  anywhere  on  the  surface  of  interest  since  even  an  area  away 
from  this  can  be  contaminated  via  surface  diffusion.  You  should 
also,  of  course,  avoid  touching  the  surface  of  interest  since 
skin  oil  and  salt  can  be  transferred  to  the  sample. 

Please  let  me  know  if  you  have  any  questions  about  the  data. 


Sincerely, 

'‘<>1 

Tom  Wittbergij 
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The  University  of  Dayton 


1  March  1988 


Mr.  C.  J,  McNamara 
Uniroyal  Plastics  Co.,  Inc. 
312  North  Hill  St. 

P.  0.  Box  2000 

Mishawaka,  Indiana  46544-1399 


Dear  Mr.  McNamara: 

I  have  used  XPS  (x-ray  photoelectron  spectroscopy)  to 
analyze  the  elastomer  samples  that  we  received  from  you  last 
week.  In  all  cases  the  surface  facing  away  from  the  white  paper 
was  analyzed.  I  should  perhaps  mention  again  that  XPS  is  a 
surface-sensitive  technique  which  can  detect  all  elements  (except 

o 

hydrogen  and  helium)  present  at  levels  >  0.5%  within  30  A  of  a 
sample  surface. 

For  each  of  the  nine  samples  I  recorded  spectra  of  the 
carbon  Is  and  oxygen  Is  photoelectron  pecks.  The  following  table 
gives  the  carbon-to-oxygen  atom  %  ratio  for  each  sample  as 
determined  from  these  spectra. 

Sample  %  Carbon  /  %  Oxygen 


UNI 

- 

S/N  W-150 

6.8 

UNI 

- 

3K  S/N  6 

3.4 

UNI 

- 

50K  S/N  W-122 

5.3 

S/N 

- 

1109 

2.4 

UNI 

- 

10K  S/N  510 

2.9 

UNI 

- 

S/N  W-9 

2.3 

GDY 

- 

S/N  84-2572 

5.7 

20K 

- 

S/N  W-l 

5.0 

10K 

- 

S/N  W-2 

6.9 

On  the  samples  with  the  highest  oxygen  levels  (eg.  S/N  1109,  S/N 
510  and  S/N  W-9) ,  the  carbon  Is  spectra  showed  strong  shoulders 
due  to  C-0  and  C=0  type  carbon.  I  did  not  attempt  to  resolve  the 
overlapping  components  of  the  carbon  spectra  although  this  could 
be  easily  done  with  the  software  that  we  have. 
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On  each  of  the  samples  I  recorded  a  brief  survey  scan  to 
check  for  other  elements  that  might  be  present.  As  you  can  see 
from  the  enclosed  data,  other  elements  such  as  nitrogen,  zinc, 
silicon  and  fluorine  are  detected  on  all  of  the  samples. 


Sincerely, 

QlttSU 

Tom  Wittberg 
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